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(57) ABSTRACT 

A method and circuit for comparing the frequencies of tWo 
clocks (clockil and clocki2), Without taking into account 
their phase, is disclosed. Each clock is associated to a 

circular counter (100-1 and 100-2) Which are initialized to 
different values, and the contents of the circular counters are 

compared. When the frequencies of the tWo clocks (clockil 
and clocki2) are equal, both counters (100-1 and 100-2) are 
incremented at a common frequency and thus, due to the 
initialization conditions, the contents of both counters can 
never be equal. Conversely, When the frequencies of the tWo 
clocks are different, the counters (100-1 and 100-2) are not 
increased at a common frequency and thus, after several 
clock pulses, the contents of the counters are equal, indi 
cating different clock frequencies. In a preferred 
embodiment, the circular counters (100-1 and 100-2) are 
2-bit circular counters. 

12 Claims, 4 Drawing Sheets 
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PHASE INDEPENDENT FREQUENCY 
COMPARATOR 

BACKGROUND OF THE INVENTION 

The present invention relates to digital clock systems and 
more speci?cally to phase independent frequency compara 
tors generally used in such clock systems. 

BACKGROUND OF THE INVENTION 

The relentless quest for performance has driven the devel 
opment of electronic systems in tWo directions. First, the 
dramatic increase of the level of integration on a semicon 
ductor chip that has been achieved in recent years has 
alloWed millions of transistors running at clock frequency 
values expressed in hundreds of megahertz or gigahertZ for 
particular parts such as sWitch devices. Secondly, to delay 
technical limitations, the functions to be eXecuted are often 
distributed among subsystems to perform tasks in parallel. 
While this approach reduces system response time 
drastically, its use requires care concerning operation syn 
chroniZation. Such a situation is typically encountered in the 
?eld of computer netWorks and telecommunications Where 
the data are processed simultaneously in several subsystems 
and so, may use several paths. Since most of the commu 
nication protocols require preserving the data packet order 
or the data processing order, it is highly desirable that the 
time required to perform a same data processing in different 
paths Will be the same in each path. Thus, When each 
subsystem uses its oWn clock, it is highly desirable to control 
that their frequencies are equal. It is to be noticed that phase 
differences are generally negligible regarding path length 
and clock frequency and do not substantially affect sub 
system response time. Such frequency controls are particu 
larly important When changing system parts. 

The most common approach to handle this problem is to 
adjust the phase of the clocks and then to compare their 
frequencies. HoWever, such a solution presents several 
draWbacks. First, it requires hardWare to perform both tasks, 
i.e. phase detection and frequency detection, that is surface 
consuming and increases the failure rate. Secondly, this 
solution is not adapted to compare variable frequencies. 

BRIEF SUMMARY OF THE INVENTION 

It is a broad object of the invention to remedy the 
shortcomings of the prior art as described hereinabove. 

It is another object of the invention to provide a method 
and circuits to compare clock frequencies Without taking 
into account their phases. 

It is a further object of the invention to provide a method 
and circuits to compare variable clock frequencies Without 
taking into account their phases. 

The accomplishment of this and other related objects is 
achieved by a method of comparing the frequency of a ?rst 
clock With the frequency of a second clock, using a ?rst and 
a second circular counters having the same counting range 
and a comparator, the method comprising the steps of: 

initialiZing the counters With tWo different values Within 
the counting range; 

increasing the content of the ?rst circular counter after 
each pulse of the ?rst clock; 

increasing the content of the second circular counter after 
each pulse of the second clock; and, 

comparing the content of the second circular counter With 
the content of the ?rst circular counter, Where the 
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2 
frequencies of the tWo clocks are different if the con 
tents of the ?rst and second counters are equal. 

Further advantages of the present invention Will become 
apparent to ones skilled in the art upon examination of the 
draWings and detailed description. It is intended that any 
additional advantages be incorporated herein. 

BRIEF DESCRIPTION OF THE SEVERAL VIEW 
OF THE DRAWINGS 

FIG. 1 illustrates the general principle of the present 
invention. 

FIG. 2 is a ?rst timing diagram illustrating the method of 
the present invention When the frequencies of the clocks to 
be compared are equal. 

FIG. 3 is a second timing diagram illustrating the method 
of the present invention When the frequencies of the clocks 
to be compared are different. 

FIG. 4 describes a ?rst implementation of the method of 
the present invention. 

FIG. 5 depicts the use of a circular buffer according to the 
method of the present invention. 

FIG. 6 illustrates a second implementation of the method 
of the present invention 

FIG. 7 is a timing diagram corresponding to the behavior 
of the second implementation of the method of the present 
invention When the frequencies of the clocks to be compared 
are different. 

DETAILED DESCRIPTION OF THE 
INVENTION 

According to the method of the present invention, the tWo 
clocks to be eXamined are used to control counters Whose 
contents are compared to determine Whether or not the clock 
frequencies are equal. If the frequencies of the tWo clocks 
are equal, the tWo counter contents are incremented at a 

same frequency and thus they are alWays equal or never 
equal depending upon the initialiZation conditions. 

FIG. 1 illustrates the basic principle of the present inven 
tion. Clockil controls a ?rst counter 100-1 so that the 
counter content is incremented at each clockil pulse. 
LikeWise, clocki2 controls a second counter 100-2 as 
depicted on the draWing. Since the frequencies of the tWo 
clocks may be very close and the order of these frequencies 
is not knoWn, i.e. the frequency of the ?rst clock may be 
greater or less than the frequency of the second one, counters 
100-1 and 100-2 are circular counters, i.e. counters are reset 
to their minimum value When they reach their maXimum 
value. The minimum and maXimum values that can be 
reached by counters 1 and 2 are equal, and their initialiZation 
values are different, eg the ?rst value of the ?rst counter is 
its minimum value and the ?rst value of the second counter 
is a median value. Both counters 100-1 and 100-2 are fed 
into comparator 110 to determine Whether or not the 
counters are equal. If counters 100-1 and 100-2 are equal, it 
means that frequencies of clockil and clocki2 are differ 
ent. Depending upon the frequency ratio of clockil and 
clocki2 and their phase difference, counters 100-1 and 
100-2 may be equal after several clock pulses. Since the 
initial phase difference betWeen clockil and clocki2 is 
unknoWn and could be any value less than 360° (one cycle), 
the difference betWeen the initial values of counters 100-1 
and 100-2 must be equal or greater than tWo. Furthermore, 
since counters 100-1 and 100-2 are circular, the initial value 
of counter 100-1 must be different than the minimum value 
that can be reached by the circular counters 100-1 and 100-2 
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if the initial value of counter 100-2 is equal to the maximum 
value that can be reached by circular counters 100-1 and 
100-2, and the reciprocal is also true. 

In the following description, it is assumed that the com 
parator 110 output is equal to “1” if the inputs of the 
comparator 110 are equal, and the comparator 110 output is 
equal to “0” otherWise. 

FIG. 2 illustrates a ?rst timing diagram of the method 
described above With reference to FIG. 1 When the frequen 
cies of clockil and clocki2 are equal. In this example, 
counters 100-1 and 100-2 are circular 2-bit counters, i.e. the 
contents of counter 100-1 and 100-2 vary from 0 to 3. As 
shoWn, counters 100-1 and 100-2 are incremented at each 
clock up-going edge, counter 100-1 starting at value 0 and 
counter 100-2 starting at value 2. Since the frequencies of 
clockil and clocki2 are the same, counters 100-1 and 
100-2 are incremented at the same frequency and thus they 
are never equal. The output of comparator 110 is alWays 
equal to Zero. 

FIG. 3 illustrates a second timing diagram of the method 
described above With reference to FIG. 1 When the frequen 
cies of clockil and clocki2 are different. Due to the clock 
frequency difference, counters 100-1 and 100-2 are not 
increased at a common frequency and thus, after several 
clock pulses, counters 100-1 and 100-2 are equal. As 
depicted, the output of the comparator 110 that is equal to a 
value 0 When counters 100-1 and 100-2 are different changes 
to a value 1 When counters 100-1 and 100-2 are equal. It is 
to be noticed that, since the comparator 110 output is not 
latched, the time during Which the comparator 110 is equal 
to a value 1 depends upon clockil and clocki2 frequencies 
and their phase difference that changes at each clock pulse. 

FIGS. 2 and 3 shoW that the frequency comparison is 
independent of the phase difference. 

FIG. 4 depicts an eXample of a circuit for implementing 
the above mentioned method of the present invention With 
reference to FIG. 1. The particular implementation of 
counters 100-1 and 100-2 and comparator 110 are noW 
referenced 100‘-1, 100‘-2 and 110‘ respectively. 

Counters 100‘-1 and 100‘-2 are circular synchronous 2-bit 
counters. As depicted, counters 100‘-1 and 100‘-2 are based 
on standard latches and logical gates. Clockil, Which 
controls counter 100‘-1, is connected to the clock input of 
D-FlipFlop (D-FF) 400-1 and T-FlipFlop (T-FF) 405-1. 
Likewise a reset signal CLR is connected to the reset inputs 
of the D-FF 400-1 and T-FF 405-1. The Q output of D-FF 
400-1 is connected to the inputs of T-FF 405-1, inverter 
410-1 and AND gates 425-1 and 435-1. The inverter 410-1 
output is connected to the inputs of D-FF 400-1 and AND 
gates 420-1 and 430-1. The Q output of T-FF 405-1 is 
connected to the inputs of inverter 415-1 and AND gates 
430-1 and 435-1. The output of inverter 415-1 is connected 
to the inputs of AND gates 420-1 and 425-1. The output of 
AND gates 420-1, 425-1, 430-1 and 435-1 are referred to as 
CLO, C1_1, C1_2 and C1_3 respectively and correspond to the 
outputs of counter 100‘-1.Acorresponding circuit is used for 
counter 100‘-2 With the outputs for counter 100‘-2 labeled as 

C2-0> C2-1> C2-2 and C2-3 
As illustrated, the counters 100‘-1 and 100‘-2 are circular 

counters that have as many outputs as possible values so that 
a value is characteriZed by the state of a single output. For 
eXample, if counter 100‘-1 varies from Zero to three and the 
value of counter 100‘-1 is 1, the ?rst, third and fourth 
outputs, i.e. CLO, C1_2 and C1_3, are equal to 0 and the second 
output, i.e. C1_1, is equal to 1. FIG. 7 illustrates the behavior 
of counters 100‘-1 and 100‘-2. 
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4 
Comparator 110‘, connected to counters 100‘-1 and 100‘-2, 

has four AND gates 440, 445, 450 and 455, OR gate 460, and 
an output. The inputs of AND gates 440, 445, 450 and 455 
are connected to C1_O and C2_2, C1_1 and C2_3, C1_2 and C2_O 
and, C1_3 and C2_1 respectively, as illustrated in FIG. 4. The 
outputs of AND gates 440, 445, 450 and 455 are linked to 
the inputs of OR gate 460, and the output of OR gate 460 is 
the output of comparator 110‘. 

Comparator 110‘ detects equal output values of counters 
100‘-1 and 100‘-2. To that end, the ?rst value of counter 
100‘-1 is compared With the third value of counter 100‘-2, the 
second value of counter 100‘-1 With the fourth value of 
counter 100‘-2, the third value of counter 100‘-1 With the ?rst 
value of counter 100‘-2 and the fourth value of counter 
100‘-1 With the second value of counter 100‘-2, to set 
different initial output values to counters 100‘-1 and 100‘-2, 
i.e. 0 and 2. Thus, if one of counters 100‘-1 or 100‘-2 is 
incremented more rapidly than the other, it can occur that 
one of the four values that can be reached by counters 100‘-1 
and 100‘-2 Will be the same for both of them. Since it can be 
anyone of these four values, the comparison results are 
merged in OR gate 460 so that the comparator output is set 
to a value of 1 Whatever the common value of counter 100‘-1 
and 100‘-2 is. 

The timing diagrams of FIGS. 2 and 3 illustrate the 
behavior of the circuit represented in FIG. 4. As mentioned 
above, the frequencies of clockil and clocki2 are different 
if comparator 110‘ output is equal to a value of 1. 

FIG. 5 illustrates the method of the present invention 
When using a circular buffer having n memory locations, in 
conjunction With the above mentioned circular counters. At 
initialiZation, the Whole content of this circular buffer is 
cleared to a ?rst value, and tWo different values are set in 
counters 1 and 2. As mentioned above, the difference 
betWeen these values must be equal to or greater than 2, and 
the initial value of counter 1 must be different than the 
minimum value that can be reached by these circular 
counters if the initial value of counter 2 is equal to the 
maXimum value that can be reached by the circular counters, 
and the reciprocal is also true. To compare the frequencies 
of clockil and clocki2, counter 1, associated to clockil, 
determines an address in the circular buffer Where a second 
value is Written. When the neXt address, de?ned by the neXt 
counter 1 value, is determined, the Written second value is 
cleared to the ?rst value and the second value is Written in 
the neW address. Likewise, counter 2, associated to clocki2, 
determines addresses Where memoriZed values are read. 
Since the counter values are different at initialiZation, read 
values are alWays equal to the ?rst value if the circular buffer 
has at least four memory locations and the counters are 
incremented at the same frequency. Conversely, reading the 
second value means that the counters are not increased at a 

common frequency and thus, the frequencies of clockil 
and clocki2 are different. 

FIG. 6 illustrates an implementation of the method of the 
present invention as described by reference to FIG. 5, to 
compare the frequencies of tWo clocks. Latches are used to 
simulate a circular buffer in Which a ?rst clock is used to 
Write values While a second clock is used to read values. The 
read and Write positions are incremented at each correspond 
ing clock pulse. The frequencies of the tWo clocks are 
different if the read and Write positions are the same. 

Counters 100‘-1 and 100‘-2 of the circuit shoWn in FIG. 6 
are the same as counters 100‘-1 and 100‘-2 shoWn in FIG. 4 
and so, are not detailed again. Their output behavior is still 
represented on FIG. 7. The comparator 110“ has four latches 
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D-FFs 600, 605, 610 and 615. The reset signal CLR used to 
initialize counters 100-1 and 100-2 is connected to the reset 
inputs of D-FFs 600, 605, 610 and 615. Counter 100‘-1 
outputs CLO, CM, CL2 and C1_3 are linked to the D inputs 
of D-FFs 600, 605, 610 and 615 respectively. Counter 100‘-2 
outputs C2_2, C2_3, C2_O and C2_1 are connected to the clock 
inputs of D-FFs 600, 605, 610 and 615 respectively. The Q 
outputs A0, A1, A2 and A3 of D-FFs 600, 605, 610 and 615 
respectively are linked to the inputs of OR gate 620 that 
outputs as comparator 110“ outputil. In most applications, 
the signal outputil has to be latched to be used by another 
device such as a microprocessor. To that end, D-FF 625 can 
be used. Signal outputil is connected to the clock input of 
D-FF 625 that D input is linked to VCC, i.e. to logic value 
one, and reset input to already mentioned reset signal CLR. 
The output of D-FF 625 is referred to as outputi2. Thus, 
depending upon the application, either outputil or 
outputi2 can be used. It is to be noticed that, if outputi2 
is not used, D-FF 625 is not required. 

FIG. 7 illustrates timing diagrams of counters 100-1 and 
100-2 described With reference to FIGS. 4 and 6 When the 
frequencies of clockil and clocki2 are different, With a 
frequency ratio equal to about Z/3. Furthermore, FIG. 7 
depicts the states of signals A0, A1, A2 and A3 of comparator 
110“, as Well as signals outputil and outputi2. In this 
example, the values 0 and 2 are achieved at the same time 
by counters 100-1 and 100-2, i.e. signal A0 and A3 values 
are periodically equal to one. As a consequence, the output 
of comparator 110“ is equal to a value of 1 When either 
signals A0 or A3 is equal to 1, as illustrated by reference to 
signal outputil. If the output of comparator 110“ is fed into 
D-FF 525, the state of its output, i.e. outputi2, that is equal 
to a value of 0 after initialiZation, changes to a value of 1 
When signal A3 changes from 0 to 1 and keeps a value of 1 
until the neXt initialiZation depending upon the CLR signal. 

In the tWo above mentioned implementations, counters 
100-1 and 100-2 are 2-bit circular counters. Since the initial 
phase difference betWeen the tWo clocks is unknoWn and 
could be any value less than 360° (one cycle), any n-bit 
circular counters (With n32) can be used. It is to be noticed 
that to improve system response time, n needs to be as close 
as possible to tWo. 

While the invention has been described in term of pre 
ferred embodiments, those skilled in the art Will recogniZe 
that the invention can be practiced With other circuit designs 
implementing the described method. LikeWise, the circular 
counters can be initialiZed to a common value and thus, the 
frequency difference is characteriZed by detecting different 
values in the comparator. Furthermore, even if the descrip 
tion is based on the comparison of constant clock 
frequencies, the method of the invention is adapted to handle 
the comparison of variable clock frequencies Without any 
modi?cations. 
What is claimed is: 
1. Amethod for comparing a ?rst frequency of a ?rst clock 

to a second frequency of a second clock, the method 
comprising the steps of: 

providing a ?rst circular counter and a second circular 
counter having the same counting range; 

initialiZing said ?rst circular counter With a ?rst value and 
said second circular counter With a second value, the 
?rst and second values Within said counting range; 

increasing the value of said ?rst circular counter after 
each pulse of said ?rst clock; 

increasing the value of said second circular counter after 
each pulse of said second clock; and, 

comparing the value of said second circular counter With 
the value of said ?rst circular counter, Wherein the ?rst 
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6 
frequency of said ?rst clock is different from the second 
frequency of said second clock if the values of said ?rst 
and second circular counters are equal. 

2. The method of claim 1, Wherein the step of comparing 
comprises a circular buffer and the contents of said ?rst and 
second circular counters de?ne a ?rst and a second address 
in said circular buffer, the method further comprises the 
steps of: 

Writing a third value in each location of said circular 
buffer at initialiZation; 

Writing after each pulse of said ?rst clock said third value 
at a location de?ned by the content of said ?rst circular 
counter in said circular buffer before executing said 
step of increasing the content of said ?rst circular 
counter; 

Writing a fourth value at a location de?ned by the content 
of said ?rst circular counter in said circular buffer after 
having eXecuted said step of increasing the content of 
said ?rst circular counter; and, 

reading a ?fth value at a location de?ned by the content 
of said second circular counter from said circular buffer 
after each pulse of said second clock and after having 
eXecuted said step of increasing the content of said 
second circular counter, Wherein the ?rst frequency of 
said ?rst clock is different from the second frequency of 
said second clock if the ?fth value is equal to fourth 
value. 

3. The method of claim 1, Wherein said ?rst and second 
circular counters are 2-bit circular counters. 

4. The method of claim 2, Wherein said circular buffer 
comprises four memory locations. 

5. A circuit to compare a ?rst frequency of a ?rst clock to 
a second frequency of a second clock, the circuit compris 
mg: 

a ?rst circular counter controlled by said ?rst clock; 

a second circular counter controlled by said second clock, 
Wherein a counting range of said second circular 
counter is the same as a counting range of said ?rst 
circular counter; and, 

a comparator Which determines Whether or not the con 
tents of said ?rst and second circular counters are equal, 
Wherein an output of said comparator indicates Whether 
or not the ?rst frequency of said ?rst clock and the 
second frequency of said second clock are equal. 

6. The circuit of claim 5, Wherein said ?rst and second 
circular counters are 2-bit circular counters. 

7. The circuit of claim 5, Wherein said ?rst and second 
circular counters comprise as many outputs as a number of 
possible values that can be reached by said ?rst and second 
circular counters so that a state of one output of said ?rst or 
second circular counters characteriZes the value of said ?rst 
or second circular counters. 

8. The circuit of claim 7, Wherein said comparator com 
prises as many comparing means as outputs of said ?rst and 
second circular counters. 

9. The circuit of claim 8, Wherein said comparator com 
prises AND gates. 

10. The circuit of claim 8, Wherein said comparator 
comprises D-FlipFlop latches. 

11. The circuit of claim 5 further comprising a storage 
device to store the output of said comparator When the 
contents of said ?rst and second circular counters are equal. 

12. The circuit of claim 11, Wherein the storage device 
comprises a D-FlipFlop latch. 

* * * * * 


